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ABSTRACT
This paper refers to the noise reduction of reciprocating compressors for HFC-134a
household refrigerators. The reciprocating compressor's highest noise level on household
refrigerators is at around 500Hz(l/3 octave band). There is evidence that the 500Hz is caused by
the gas cavity resonance and vibration transmission.
The mode of the gas cavity resonance was specified by experimental analysis and theoretical
analysis using FEM(finite element method) and BEM(boundary element method). The effects of
changing the position of the suction tube opening in the compressor shell, which is the source of
the gas cavity resonance, was estimated. Generally, in order to reduce the gas cavity resonance, the
compressor shell configuration is changed, however, this paper presents that it is effective to
change the position of the suction tube opening to the node of the gas cavity resonance without
changing the compressor shell configuration. Regarding the accuracy and the calculation time of the
theoretical analysis, it is more effective to analyze the resonanse mode by BEM than by FEM.
Furthermore, a noise caused by vibration transmission is reduced by changing the looped
discharge tube configulation in the compressor shell. As a result, a substantial noise reduction was
accomplished in an HFC-134a refrigerant system.
IN1RODUCTION

For the purpose of the preserving the earth's atmosphere, conventional CFC refrigerants for
refrigerators have been rapidly replaced by alternatives. In addition, there are increasing demands
for the reduction of refrigerator noise and that of compressors vibration, which results in
refrigerator noise.
The conventional reciprocating compressors with CFC-12 refrigerant have the highest noise
level problems at around 500Hz (500 and 630Hz 1/3 octabe band). By simply replacing the
refrigerant with HFC-134a, the noise level at around 500Hz further increases. Futhermore, the
compressor's vibration increases, and this vibration causes resonant. noise to generate from the
refrigerator cabinet.
For the changeover of refrigerant to HFC-134a, therefore, attempts were made to
significantly reduce the noise level at around 500Hz and the vibration. Generally stated, the source
of the noise at around 500Hz is gas cavity resonant noise 0 l . Various theoretical anal~ses and
experimental studies have been conducted on the gas cavity resonant noise c1 l · c2 l · c3 l · 4 l . For
gas cavity resonant noise reduction, however, it is a common practice to modify the shell shape to
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to reduce noise transmission.
shift the gas cavity resonant frequency or to increase the shell rigidity
cy comparisons have been
For theoretical analyses, FEM is generally used, but not enough accura
conducted using BEM.
made with the results of experimental studies. No prior studies have been
nt noise in a compressor
resona
cavity
This paper reports an approach that reduces the gas
the mode of the gas
study,
this
shell without modification of the shell shape. In the process of
using FEM and BEM. The
cavity resonance was found by experiments and theoretical calculations
and verified. Moreover, by
accuracy of the calculations and experimental results were compared
a shell, the 500Hz noise was
controlling the vibration transmission of the looped discharge tube in
reduced.
COMPRESSOR STRUCTURE
CFC- 12 refrigerators.
Fig. 1 shows the structure of our small reciprocating compressor for3
- 5 em ; the mechanical parts,
The newly developed compressors have a displacement volume of 3the
shell and the motor is in the
of
portion
such as the piston and cylinder, are located in the upper
in the shell. Refrigerant gas
lower. These components are, as a unit, supported by three springs
through the suction tube.
er
cylind
the
flows into the shell, thereafter, it is intermittently taken into
through the looped
system
g
The refrigerant, compressed by the piston, is returned to the coolin
discharge tube in the shell.
IDENTIFICATION OF NOISE SOURCE
of a refrigerator with
The results of the experiment were that the noise around 500Hz
ing the refrigerant
chang
and
t
CFC- 12 with our conventional compressor installed, was the highes
problem when
noise
largest
to HFC-134a further increased the 630Hz band noise. Therefore, the
noises (113 octave band), and
using the new refrigerant HFC-134a is the 500Hz and 630Hz band
thus means for reducing the noise in these frequencies was discussed. , a frequency analysis was
At first, to locate the source of the noise at around 500Hz
temperature variation. Fig. 2
performed on the noise variation associated with the compressor shell
ed in the 630Hz (1/3 octave
shows the result of the analysis. From Fig. 2, the 585Hz noise includ
at the actual operating
ized
maxim
band) largely depends on temperature, and its level is
on temperature suggests
ence
temperature range (approx. 70° C) of the refrigerator. Its large depend
uently, it became
conseq
gas;
that the 585Hz noise relates to the acoustic velocity of refrigerant
clear that the source of the noise is the gas cavity resonant noise in a shell.
octave band) does not
On the other hand, the 537.5Hz noise, included in the 500Hz(l/3
noise a frequency analysis
depend on temperature so much. To locate the source of the 537 .5Hz ion of the compressor. It
was conducted on the vibration acceleration of each part during the operat level of the discharge
ration
turned out, from the results of the analysis, that on the vibration accele
the compressor installed
from
noise
band
tube was high in the 500Hz band . Therefore, the 500Hz
vibration transmission.
tube's
rge
discha
in a refrigerator is suspected to be the noise caused by the
band. Base on these
500Hz
Fig.3 shows the result of locating the source of the noise at around
s.
experimental results, solutions were taken as shown in the following section
REDUCTION OF GAS CAVITY RESONANCE NOISE
noise, mode of the
To reduce the gas cavity resonant noise, that is the source of the 585Hz
OISE) and by an
(SYSN
es
gas cavity resonance in the shell was examined by theoretical analys
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acoustic experiment. The experiment was conducted as follows: white noise from a loudspeaker
was transmitted into the shell from two positions outside the shell; the sound pressure distribution
in the shell was measured using a microphone; and then frequencies were analyzed. The sound
pressure was measured at 34 points in the shell. The experiment was performed without
refrigeration system connections at room temperature, and the resonance frequency at this condition
was converted into a refrigeration system condition by taking the ratio of the acoustic velocity of
air and refrigerant. One of the measured results is shown in Fig.4. Fig.4 shows the transfer function
variation at the measured position depicted as A, B and C. For example, regarding to the
resonance frequency at 1130Hz (without refrigeration system cmmections at room temperature), the
peak level measured at point A and C is high, while that measured at point B is low. This shows
that the resonance mode of 1130Hz has a node at point B. Resonance modes were identified by
measuring the transfer function as mentioned above at various positions in the shell. As a result, as
shown in Fig.5, it turned out that there were five resonance modes below 2 kHz. Among these
modes of the gas cavity resonance in the shell, mode No.3 is a resonance mode which has a
frequency close to nth frequency of the rotational frequency (48.5Hz) and close to that of the
highly temperature dependent 585Hz noise. Because mode No.3 has the node plane in vertical
direction, it is likely that the resonance frequency in the resonance mode will not be influenced by
the level of oil collected at the bottom of the shell. In order to experimentally verify this
characteristics, each resonance frequency variation was measured by changing the oil level, as
shown in Fig.6. As a result, the resonance frequency of mode No.3 was not influenced by the level
of oil collected at the bottom of the shell, therefore, it is confirmed that the. node of mode No.3 is
located as shown in Fig.5.
In addition to the above mentioned acoustic experiment, mode of the gas cavity resonance
mode in the shell was analyzed by the finite element method (FEM) and boundary element method
(BEM) using SYSNOISE, which is a three dimensional acoustic analysis software. For the finite
element method, the number of nodal points was 680, the number of elements was 481 and the
maximum element length was 0.046 m. For the boundary element method, the number of nodal
points was 451, the number of elements was 485 and the maximum element length was 0.044 m.
Under these analyzing conditions, the calculation accuracies of BEM and FEM were estimated by
comparing .them to the resonant frequency obtained from the acoustic experiment. Fig. 7 illustrates
the model and result of the analysis. The figure shows that the resonant frequency calculation result
by BEM is in· accordance with the experimental result. It also shows that there's a discrepancy
between the calculation result by FEM and the experimental value. The discrepancy can be by at
least one mode. This is because the shell shape and mechanical part shape are complex in the
compressor and thus calculating the space in the shell with as small a number of elements as 481
by FEM increases the distortion in spatial elements. To improve the accuracy of FEM, dividing
the elements further is required. Though a longer calculation time is required in BEM, the mesh
division requires less time. Therefore, BEM is more advantageous both in accuracy and in time,
when compared to the time required for the mesh division and calculation in FEM. Thus it was
concluded that the analysis by BEM is more effective in identifying mode of the gas cavity
resonance and if analyzing by FEM, it is necessary to be cognizant of the accuracy.
A method for reducing 585Hz noise problem is reported hereafter. The gas cavity resonant
noise was reduced without modifying the shell shape, a common method for the reduction. It was
judged that with the gas cavity resonance mode unchanged, the gas cavity resonant noise could be
reduced by locating the suction tube opening, which is the vibration source in the shell space on
the node plane. To verify the effect of this modification, variation of the 585Hz noise was
measured by varying the position of the suction tube opening at a shell temperature of 70 o C
against the node plane in mode No.3. Fig. 8 shows the result of the experiment. It is apparent that
the 585Hz noise level was reduced by positioning the suction tub.e opening on the node plane in
mode of the gas cavity resonance No.3 in the shell. Fig. 9 illustrates the 585Hz noise variation
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when varying the shell temperature observed with a conventional compressor. Finally, it was
concluded that this modification is effective to reduce the 630Hz band noise, including 585Hz, by
approximately 8 dB at around 70° C shell temperature (during normal refrigerator operating
condition) which is the peak noise level of a conventional compressor.
REDUCITON OF VIBRATION TRANSMISSION NOISE
For the purpose of vibration transmission noise reduction , caused by the 500Hz band noise, a
mechanical part element was experimentally sought which has the largest effect on the vibration of
the discharge tube at about 500Hz. The method for the experiment is as follows: the cylinder
head, which actually performs compression operation, is excited by an impulse hammer, and the
mechanical inertance was measured at the outlet of the looped discharge tube and the upper part of
the head. The influence of the vibration transmission at about 500Hz was examined for each
mechanical part element in the vibration route from the mechanical part to the discharge tube using
the above method. The result of the experiment was that the looped discharge tube is the part
which transmits the largest level of vibration of the discharge tube at about 500Hz. So an attempt
was made to reduce the vibration transmission of the discharge tube at about 500Hz through the
improvement of the looped discharge tube shape. As a result, the noise at around 500Hz was
reduced by 2 - 7 dB in a refrigerator. These results lead to the conclusion that the vibration
transmission of the looped discharge tube is closely related to the noise from a refrigerator.
CONCLUSION
• In case of using HFC-134a for an alternative refrigerant, by positioning the suction tube opening
on the node plane in mode of the gas cavity resonance in the shell, the gas cavity resonant noise
was significantly reduced without any modification to the shell shape.
• Because of its calculation accuracy and calculation time, the analysis by BEM is more effective
in analyzing the gas cavity resonance in a compressor shell than by FEM.
• The vibration transmission noise was significantly reduced by improving the shape of the looped
discharge tube and thereby controlling the vibration transmission at around 500Hz.
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